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CORRELATION.

By J. WarreN SwmitH, Professor of Meteorology.

An attempt will be made in the following paper to
explain some of the simplest methods of correlation.
The relation of the weather in June and July to the yield
of potatoes, in Chio, will be used for a concrete example.

igure No. 1 illustrates the common method of showing
the correlation between two or more factors. A normal
horizontal line is drawn through the center of the chart,
figures at the left indicate the values above or below the
normal and the years are given at the top of the page.

Dots are made on the line under each year opposite the
proper departure figures and then these dots are con-
nected by straight lines.

In this chart the solid line, A, shows the departure of
the potato yield from the normal from year to year, in
Ohio. The broken line, B, indicates the departure of the
rainfall of Ohio for June and July of each year from the
normal. The dotted line, C, shows the departure of the
average temperature from the normal for the same months.

It is customary to say that when two curves run
together—that is, when one runs above the normal line
and the other does the same, and when one goes below the
normal line and the other usually follows—they show a
correlation between the factors.

On this chart, therefore, inasmuch as the lines A and B,
representing, respectively, potato yield and rainfall,
appear to follow each other in a general way, we may
assume that there is some relation between the rainfall
of June and July and the yield of potatoes. _

On the other hand, a careful inspection of curves A and
C indicates an opposite bending of the lines, and hence
there must be a negative correlation.

The trouble with this method of correlation, however,
is that while with two curves only a very general com-
parison can be made, with three or more curves there
seems to be only a confusion of lines.

Figure No. 2: If three curves are to be used, it is far
better to arrange the years so that one of the factors will
have an increasing or decreasing value, as in diagram 2.

In this chart the years are arranged so that the curve
showing the yield of potatoes runs from the highest yield
regularly to the lowest. Then by drawing the other
curves for the years as shown at the top broad general cor-
relations can be shown. It will be found better in prac-
tice, however, to put only two curves on the same
diagram. :

Examination of the curves on this chart indicates a
slight general relation between the yield and rainfall, and
a strong v%%posite relation between the yield and temper-
ature. en the yield is above the normal the temper-
ature is nearly always below the normal, and when the
yield is down the temperature is generally high.

The correlation between the temperature and yield is
brought out much mere clearly, however, by means of
the dotted chart, as on figure 3.

On this the normal temperature is indicated by the
horizontal line and the normal yield by the perpendicu-
lar line. At the right are figures showing temperature
values above or below the normal and at the top figures
indicating yields above or below the normal.

By taking the temperature and yield departures for
each year and placing a dot on the chart where the lines
indicating the departure values intersect, the grouping
of the dots will show the correlation of the two factors.

If there is no close correlation between the two factors
the dots will be scattered indiscriminately over the chart.
If there is a relation, however, the dots will be grouped
systematically, as shown on chart 3. It will be seen at
a glance that the above-normal yield dots, with two excep-
tions, are grouped in the below-normal temperature side
and the below-normal yield dots are, with one exception,
all grouped on the above-normal temperature side.

igure No. 4: In a study of the effect of weather con-
ditions upon the growth of crops it is often necessary to
combine the influence of two different factors, as rainfall
and temperature. This can not be done by the curve
method, but it can by a modification of the dotted chart.

In figure No. 4 the horizontal line and the figures at
the right indicate temperature values, as in figure No. 3.
The perpendicular line shows the average rainfall and
the figures at the top the departure from the normal of
the rain for June and July.

The upper left-hand quadrant shows conditions warm
and dry; the upper right-hand quadrant, warm and wet;
1'.h¢(31 lgwer right Kand, cool and wet; the lower left, cool
and dry.

By placing the yield dot at the intersection of the lines
showing the departure of the rainfall and temperature
from the normal, for each year, we have a chart giving
tl_lel ((i:ombinéd effect of rainfall and temperature upon the

ield. :
y If we indicate the yields above normal by crosses and
the yields below normal by the minus signs, a very decided -
grouping will be found if there is a distinct relation

etween the factors. In practice it will be found better
to use red and blue dots to indicate yields above or below
the normal and to place the yield-departure figures beside
each dot.

By this figure it can be seen at a glance that there has
never been a poor potato yield in Ohio in the 27 years
under discussion when June and July have averaged cool
and wet, and but one poor yield when these monghs have
been cool and dry.
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Also that there has been but one year when these
months have averaged warm and wet, and that year the
crop was poor. It takes but a glance also to see that
warm and dry weather in June and July is distinctly
unfavorable for potatoes.

While both the curve and the dotted diagrams are of
value to illustrate the relation that has been determined
and are of value oftentimes in finding whether there may
be a correlation between two factors, neither of them
ii.nswers the question as to the exact value of the corre-

ation. :

In figure No. 4, for example, it seems perfectly plain
that there is an inverse relation between the temperature
and the potato yield, but it is impossible to say positively
whether the rainfall is favorable or not. There are nine
crosses on one side of the normal precipitation line and
eight on the other.

To ascertain this and answer questions of correlation
in general, the writer has made use of the common corre-
lation table as shown in Tables 1 and 2.

It is not the province of this paper to go into a mathe-
matical discussion of these tables because the principle
on which they operate is well established. 1t is sufficient
to say that if the correlation coefficient, r, as determined
bﬁ, the table is +1 there is an exact correlation between
the factors, and if the correlation coefficient is —1 there
is an exact negative or opposite relation.

If, on calculation, 7 is found to be near zero, then there
is little or no correlation hetween the two factors. In
practice it is safe to say without question that there is a
well-defined relation if the correlation coefficient is six
times the probable error.

The probable error is found by the following equation,
in which r is the correlation coefficient and » 1s the num-
ber of years under consideration:

1-r
0.674—=
: Vn

In Table 1 the correlation coefficient is found to be
0.50, which shows a fairly well-defined relation between
the rainfall for June and }uly and the potato yield. This
is not quite six times the probable error, which is 10.097,
yet it shows the beneficial eflect of the rainfall much
more conclusively than either the curve or the dotted
diagrams. :

In Table 2 the value of r is found to be —0.69 and the
probable error +0.10. This indicates a very strong
inverse relation between the temperature for June and
July and the yield of potatoes, as would be expected
from the curve and dotted diagrams.

From these charts and tables the conclusion is that
June and July should be moderately wet and must be cool
to produce a good potato yield in Ohio.

EXPLANATION OF FIGURE NO. 3.

The horizontal line indicates the average temperature
for Ohio for June and July. The figures at the right
show temperature values above or below the normal.
The perpendicular line is drawn for the average yield of
potatoes, and the figures at the top of the chart indicate

ields above or below the normal in bushels per acre.

'o make this chart, place a dot at the intersection of the
lines showing the departure of the temperature and of
the yield from the normal. If there is no connection
between the weather element and the yield the dots will
be scattered all over the diagram. In this chart prac-
tically all of the yields above the normal fall into the
quadrant showing temperatures below normal, while the
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yields below normal correspond with temperatures above
normal.

EXPLANATION OF FIGURE NO. 4.

This is used for correlating three factors. The aver-
age temperature for June and July is shown by the hori-
zontal line and the values above or below the normal by
the figures at the right. -The perpendicular line shows
the average rainfall for June and July, with the figures
on each side indicating the amounts above or below the
normal, To work this chart, place a dot for each year
where the temperature and rainfall value lines intersect,
marking a plus sign if the yield is above the normal and
a minus sign if %elow normal. In practice it will be
found better to indicate the above-normal yield values
by red dots and the below normal in blue. It is of
advantage also to put the figures showing the amount of
the yiel§ above or below the normal beside each dot.
This chart shows the combined eifect of rainfall and tem-
perature upon the crop yield.

TaBLE 1.—Rainfall and potato yield, Ohio, 1883 to 1909.

Rainfall. Yield. Prod-
v uctlof
‘ear. ool-
Rain- | Depar- sog:}'f Yield, | Pepar- g vare |umnsa
fall. ture. umn 3. *| ture. |umne. and 6.
1 2 8 4 b [] 7 8
Inches. | Inches. Bushels.| Bushels.|
8.4| +0.3 0.09 99 +25 625 + 7.5
6.8| —1.3 1.60 75 + 1 11— 13
7.5| —.68 .38 75 +1 1|— .6
6.4| —-1.7 2.89 78 + 4 16 [ — 6.8
59! —22 4.84 30 —44 | 1,936 [ + 06.8
7.8 —.3 .09 + 6 36| — 18
83| +.2 .04 75 +1 1|+ .2
6.5| —1.6 2. 56 46 —28 784 | + 44.8
86| +.5 .25 08 +24 576 | + 12.0
9.4 | +1.3 1.69 60 —14 196 | — 18.2
58{ —2.3 5.20 58 —16 + 36.8
42| —-3.9( 15.21 63 —11 121 | + 42.9
45| —3.6( 12.96 63 —11 121 | + 39-6
129 | +4.8( 23.04 89 +15 + 72.0
75| —.6 .36 42 —32| 1,024 { + 19.2
6.8 —1.3 1.69 61 —13 169 ( + 16.9
71| —1.0 1.00 71 — 3 9|+ 3.0
7.6 —.5 .25 76 + 2 — 10
72| —.9 .81 54 —20 + 18.0
12.2| +41 ] 16.81 94 +20 400 | + 82.0
7.7 — .4 .16 83 + 9 8l |—~ 3.6
70| -1.1 1.21 +24 576 | — 26.4
8.6 +.5 .25 + 4 16 [ 4+ 2.0
86) + .5 .25 110 +36 | 1,206 | + 18.0
9.9 +1.8 3.2 76 + 2 4|+ 3.8
6.6 | ~1.5 2.25 w + 3 9| — 4.5
9.6 | +1.5 2.25 96 +22 484 | + 33.0
................ 101.58 |.ccueeaifeenaeno.] 9,367 | +484.1

EXPLANATION OF TABLE.

Column No. 1 shows the years; No. 2 the total rainfall
for Ohio for June and July, in inches and tenths; No. 3
the departure from the normal rainfall for these two
months, the normal for 54 years being 8.1 inches; No. 4 the
square of the departure as shown in column 3; No. 5
ﬁves the yield of potatoes for Ohio in bushels per acre;

0. 6 the departure from the normal potato yield, the
average gotato yield for the 27 years under consideration
being 74 bushels per acre; No. 7, the square of thedeparture
in column 6; column No. 8 shows the product of the
departures in columns 3 ‘and 6. Care must be taken to
precede the product by the proper sign in this column,
merely remembering that the product of two numbers
with Iike signs is preceded by a plus sign, and the product
of two numbers with unlike signs with a minus sign.

To determine the correlation coefficient, r, divide the
algebraic sum of the values in column 8 by the square



794

MONTHLY WEATHER REVIEW,

root of the product, of the sums of columns 4 and 7. The
calculation in this case is 101.53%9,367=951,031.51.

May, 1911

TABLE 2— Temperature and potato yield, Ohio, 1883 to 1909—Contd.

The square root of this product is 975.20. 484.1 divided Temperature. . . Yield. " Prod-
by 975.20=0.50, the correlation coeflicient. This is \ — T e = e —— uctof
moderately high, although it is not quite six timés the ear. Tem- ISquare’ .| Square  <°F
probable e‘rrof which is + 0,097 d pera- b | ol . Yield. g | o6, Sand .
TABLE 2.— Temperature and potato yield, Ohio, 1883 to 1909. ' |
—— e e e e e 1 2 3 1 5 | 6 3 8
Temperature. Yield. Prod- — — : e e
S, S of —axl o7y 3 i §1{ — 25.2
Year. Tem- .D 'ISquare lD Square ug‘t"_of‘ :1.5 Z’% : ;; I E_; | 5?:1;; i - 3(li.g
perd- | ier ; obeol | Yield. | SekeF of ol | S0, —od 52‘1‘3 1‘13] 139)] 196 — 132:4;
- ) DR I Tal TR @y o430 ey e
. e | g s | 5 ‘ e | 7 | s Tio) 1w 9| 422 848. —- 2.0
} L7 summarye.....ocoo o Y 2 . [ ~ 9,367 | —502.5
0.6 ~0.5| 0.4 s_w\ +25| @3 — 2.0 ' '
%{;3 - é q;g}% i%! T i 1}. - ;% EXPLANATION OF TABLE.
%al 70| 500 S0l Tai| vese|wso This table is similar to table No. 1 except that columns
we| Tusl a2 | I3l %Iz L& 2 to 4 contain the average temperature data for Ohio for
B2 o+lLs) 3 4 ! B I -wd the months of June and July, instead of the rainfall as in
20| ¥Le| 350 @ | RETY T = 224 Table 1. To determine the correlation coefficient multi-
oSl IEI Le| B | ™. il ply 56.77 by 9,367=531,764.50. The square root of this
S +A0 L1603 Sl L - 44 18 729,22 502.5 divided by 729.22= —0.69, quite a high
el o+ e w2 8| 105 |- 128 negative coefficient. This is safely above six times the
DA oEch o &y -8B @i+ 22 probable error, which in this case is +0.10. This indi-
2O 46| o8 7] 42| i+ 12 cates that the temperature for June and July has quite a
o1l el ool o1 F3| el Z%50 high negative influence on the potato yield.
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Fi16. 1.—Relation of weather to yield of ﬁ)tatoes in Ohio, 1883-1909,
els per acre.

A—Yleld of potatoes in bush

B—Departure of rainfall from normal for J une
C—Departure of temperature from the normal

and July.
for June and July.
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FiG. 2.—Relation of weather to yield of potatoes in Ohio 18383-1909.
A—Yield of potatoes in bushels per acre, departure from normal.
B—Rainfall departure from normal for June and J ug.
C—Temperature departure from normal for June and July.
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FiG. 3.—Temperature and yleld of potatoes in Ohio, 1883-1909. F1G. 4.—Relation of weather to yield of potatoes in Ohio, 1583-1909.



